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http://dx.doi.org/10.1016/j.jds.2013.0Abstract Background/purpose: Areca quid chewing is associated with periodontal diseases.
Many of the undesirable effects of areca quid have been attributed to safrole, a major poly-
phenolic compound in the inflorescence of Piper betle. Matrix metalloproteinases (MMPs, a
subclass of proteolytic enzymes), plasminogen activators (PAs), and cyclooxygenase-2 (COX-
2) have been reported to play an important role in the pathogenesis of periodontitis. There-
fore, this study was carried out to determine the biological effects of safrole on human gingival
fibroblasts (HGFs).
Materials and methods: Five HGF strains were established from crown lengthening surgery.
The cytotoxicity of safrole was measured by H33258 fluorescence assay and the levels of gela-
tinolytic and caseinolytic activities were measured by gelatin and casein zymography, respec-
tively. Western blot analysis was used to evaluate the expression of COX-2.
Results: The study results show that safrole was cytotoxic to HGFs in a concentration-
dependent manner (P < 0.05). The gelatin zymograms revealed that the 72-kDa MMP-2 was
secreted by HGFs. The exposure of HGFs to safrole resulted in the upregulation of MMP-2
expression (P < 0.05). Casein zymography exhibited a caseinolytic band with a molecular
weight of 70 kDa, suggesting the presence of tissue-type PAs (t-PAs). The activity of t-PA
was found to be upregulated by safrole (P < 0.05). In addition, safrole was also found to in-
crease COX-2 expression in a time-dependent manner (P < 0.05).entistry, Chung Shan Medical University, Number 110, Chien-Kuo North Road, Section 1, Taichung
(Y.-C. Chang).
iation for Dental Sciences of the Republic of China. Published by Elsevier Taiwan LLC. All rights reserved.
2.003
36 Y.-C. Ho et alConclusion: Overall, the results of our study show that safrole is a cytotoxic agent to HGFs.
Therefore, increase in the activity of MMP-2, t-PA, and COX-2 may be involvement in the path-
ogenesis of areca quid-associated periodontal diseases.
Copyright ª 2013, Association for Dental Sciences of the Republic of China. Published
by Elsevier Taiwan LLC. All rights reserved.Introduction
Areca quid chewing is a popular oral habit in Taiwan, India,
and many southeast Asian countries.1 Results of previous
studies have shown that areca quid chewing is strongly
associated with an increased risk of oral cancer and oral
submucous fibrosis (OSF).1,2 In addition, early reports have
also shown a higher prevalence of gingivitis and periodontal
diseases among areca quid chewers than nonchewers.3
Waerhaug4 conducted a study on the prevalence of peri-
odontal disease in Ceylon and found increasing amounts of
plaque and debris in areca quid chewers. Moreover, areca
quid chewing was associated with a higher prevalence of
bleeding on probing and gingival bleeding where higher
clinical levels of disease existed.5,6 In a recent study on
Bangladeshi individuals, Akhter et al7 reported that areca
quid additives might significantly enhance periodontitis.
In Taiwan, the prevalence of areca quid chewing was
reported to be 10% and the number of current and former
users was estimated to be 2 million.8 The areca quid in
Taiwan consists of two halves of a fresh areca nut sand-
wiched with a piece of Piper betle inflorescence with a lime
dressing (Lao-Hwa quid) or betel leaf wrapped around a raw
areca nut with a lime dressing8; however, no tobacco was
added in the quid. Therefore, safrole, a major polyphenolic
compound in the inflorescence of P. betle,9 was suspected
to have a significant causative role in periodontal diseases
along with other variables such as the level of oral hygiene,
dental status, and smoking. Safrole was found to reduce the
defensive functions of neutrophil,10 suggesting that it might
promote bacterial colonization and periodontal infection.
Recently, safrole was demonstrated as a cytotoxic agent to
human gingival fibroblasts (HGFs) by inhibiting cell
spreading and migration.11 However, little information is
available on the precise mechanism by which safrole is
involved in the pathogenesis of periodontal diseases.
Periodontal disease is associated with degradation of
extracellular matrix (ECM). The matrix metalloproteinase
(MMP)-dependent pathway and the plasminogen-dependent
pathway are two main pathways in tissue breakdown.12
MMP-2 and MMP-9, sometimes referred as gelatinase, are
of particular interest because they have been implicated in
the pathogenesis of periodontal diseases.13 Excess produc-
tion of tissue-type plasminogen activators (t-PAs) leads to
increased degradation of ECM, which is associated with
bone destruction such as periodontitis.14
Cyclooxygenase (COX), also known as prostaglandin
endoperoxide synthase, is a key enzyme in the biosynthesis
of prostaglandin (PG).15 COX-2 is an inducible enzyme,
which is synthesized at low or undetectable levels in
healthy tissues and is upregulated in inflamed tissues such
as gingival tissues.16 Moreover, the upregulation of COX-2was suggested to be involved in the progression of bone
resorption in periodontitis.17
Fibroblasts are the major cell type residing in connective
tissues and are responsible for the formation and turnover
of the ECM. The effects of safrole on HGFs were determined
by measuring cell viability, gelatinolytic activity, casein-
olytic activity, and COX-2 expression, respectively.
Materials and methods
Chemicals and materials
Safrole was purchased from Sigma Chemical Co. (St. Louis,
MO, USA). All culture materials were obtained from GIBCO
(Grand Island, NY, USA). Mouse antihuman COX-2 mono-
clonal antibody was obtained from Transduction Labora-
tories (Lexington, KY, USA). Safrole was first dissolved in
dimethyl sulfoxide and then diluted with the culture me-
dium. The final concentration of solvent in the medium did
not exceed 0.25% (v/v).
Cell culture
The human biopsy materials used in this study were ob-
tained according to the guidelines established by the Ethics
Committee of the Chung Shan Medical University Hospital.
HGFs were cultured by an explant technique as described
previously.18,19 Five healthy individuals without areca quid
chewing habit were selected from the crown lengthening
procedure. Informed consent was obtained from these
participants for this study. Explants were cultured in Dul-
becco’s modified Eagle’s medium (DMEM) containing 10%
fetal bovine serum, 100 U/mL penicillin, and 100 mg/mL
streptomycin. Cell cultures between the third and eighth
passages were used.
Cytotoxicity assay
The level of cytotoxicity was measured by H33258 fluores-
cence assay as described previously.20 The cells were
plated at an initial density of 5  104 cells/well into 24-well
culture plates and allowed to attach for 24 hours. The
culture medium was replaced with fresh DMEM and the cells
were then exposed to various concentrations of safrole (0,
30, 60, 120, and 240mM) for 24 hours. Finally, the medium
was removed and the plates were frozen at 80C. The
plates were stored frozen until ready for further process-
ing. After thawing the plates, 100 mL distilled water was
added into each well and incubated for 1 hour at room
temperature. They were refrozen at 80C for 90 minutes
and then thawed to room temperature. Approximately
Figure 1 Cellular toxicity measured using H33258 fluores-
cent dye on human gingival fibroblasts after exposure to
various concentrations of safrole for 24 hours. Results are
expressed as percentage of fluorescence intensity relative to
the untreated control. Data are shown as mean  standard
deviation. * Significant differences from control values with
P < 0.05.
MMP-2, t-PA, and COX-2 upregulated by safrole 37100 mL of TNE buffer [10 mM Tris, 1 mM ethyl-
enediaminetetraacetic acid (EDTA), 2 M NaCl, pH 7.4]
containing 20 mg/mL of H33258 dye was then added. After
dilution, the final H33258 concentration is 10 mg/mL. This
step is required to allow the addition of an EDTA-high NaCl
buffer that partly dissociates DNA, allowing better dye
access, and therefore brighter fluorescence. After a 90-
minute incubation period in the dark, the DNA content
was measured using a fluorescent plate reader (CytoFluor
2300; Millipore, Bedford, MA, USA) at an excitation wave-
length of 350 nm and an emission wavelength of 460 nm.
Zymography
The activities of MMP-2 and MMP-9 of the condition medium
were measured by gelatinezymogram protease assays as
described previously.21,22 Confluent cells were trypsinized,
counted, and plated at a concentration of 1  105 cells in a
60-mm culture dish and allowed to achieve confluence.
Cells were cultured for 24 hours with medium containing
0.5% fetal calf serum and various concentrations of safrole.
The conditioned medium samples were collected after a
24-hour incubation period. The conditioned media were
prepared with standard sodium dodecyl sulfate (SDS) gel-
loading buffer containing 0.01% SDS without b-mercaptoe-
thanol and not boiled before loading. The prepared samples
were then subjected to electrophoresis with 8% SDSepo-
lyacrylamide gels containing 0.1% gelatin. Electrophoresis
was performed at 150 V for 3 hours in an OWL P-1 apparatus
(Thermo Fisher Scientific, Inc., Portsmouth, NH, USA). After
electrophoresis, gels were washed twice with 100 mL
distilled water containing 2% Triton X-100 on a gyratory
shaker for 30 minutes at room temperature to remove SDS.
The gel was then incubated in 100 mL reaction buffer
(40 mM TriseHCl, pH 8.0, 10 mM CaCl2, 0.02% NaN3) for 12
hours at 37C, stained with Coomassie brilliant blue R-250,
and destained with methanoleacetic acidewater. The
gelatin cleavage rate was analyzed from the photographed
gels with a densitometer (AlphaImager 2000; Alpha Inno-
tech, San Leandro, CA, USA). Each densitometric value was
expressed as the mean  standard deviation (SD).
Visualization of t-PA activity was performed as described
by Ho et al23,24In brief, 2% w/v casein and 20 mg/mL plas-
minogen were added to 8% SDSepolyacrylamide gel elec-
trophoresis (SDS-PAGE) gels. Samples with a total protein
content of approximately 20 mg were then loaded onto the
gels. The t-PA activity of cells treated or untreated with
safrole was measured as described in the case of gelatin
zymography. The intensities of the obtained bands were
determined with a densitometer (AlphaImager 2000; Alpha
Innotech, San Leandro, CA, USA). Each densitometric value
was expressed as the mean  SD.
Western blot
For Western blot analysis, cell lysates of HGFs were
collected as described previously.25 In brief, cells were sol-
ubilized with SDS-solubilization buffer (5 mM EDTA, 1mM
MgCl2, 50 mM TriseHCl, pH 7.5, 0.5% Triton X-100, 2 mM
phenylmethylsulfonyl fluoride, and 1 mM N-ethylmaleimide)
for 30 minutes on ice. The cell lysates were then centrifugedat 12,000g at 4C and the protein concentrations determined
with Bradford reagent using bovine serum albumin (BSA)
were treated as standards. Equivalent amounts of total
protein per sample of cell extracts were run on a 10%
SDSePAGE and immediately transferred onto nitrocellulose
membranes. The membranes were blocked with PBS con-
taining 3% BSA for 2 hours, rinsed, and then incubated with
primary antibodies anti-COX-2 diluted at a ratio of 1:1000 in
PBS containing 0.05% Tween-20 for 2 hours. After performing
three washes with Tween-20 for 10 minutes, the membranes
were incubated for 1 hour with biotinylated secondary
antibody diluted at a ratio of 1:2000 in the same buffer,
washed again as described earlier and treated with 1:2000
streptavidineperoxidase solution for 30 minutes. After a
series of washing steps, the reactions were developed using
diaminobenzidine (Zymed, South San Francisco, CA, USA).
The intensities of the obtained bands were determined with
a densitometer (AlphaImager 2000). Each densitometric
value was expressed as the mean  SD.
Statistical analysis
Three replicates were performed in each test. All assays
were repeated three times to ensure reproducibility. Sta-
tistical analysis was carried out by one-way analysis of
variance. Tests of differences of the treatments were
analyzed by Duncan test and P < 0.05 was considered sta-
tistically significant.Results
As shown in Fig. 1, the cytotoxicity of safrole in HGFs was
evaluated using H33258 fluorescence assay. Concentrations
of safrole higher than 30 mM are found to be cytotoxic to
HGFs. The inhibition was in a dose-dependent manner
Figure 3 (A) Casein zymogram of conditioned medium from
human gingival fibroblasts treated with safrole at 1, 2, 4, 8, 16,
and 24 hours. (B) Levels of tissue-type plasminogen activator
38 Y.-C. Ho et al(P < 0.05). At the concentration of 240 mM, safrole effec-
tively reduced the fluorescence of H33258 to approximately
39% when compared with the untreated control (Fig. 1).
The cytostatic dose of 30 mM safrole was then applied in all
subsequent experiments.
The main gelatinase secreted by HGFs migrated at
72 kDa and represented MMP-2 (Fig. 2A). The gelatinase
patterns of all these samples were similar. Secretion of
MMP-2 was found to be elevated by safrole in a time-
dependent manner (P < 0.05). The quantitative measure-
ments by a densitometer (AlphaImager 2000) were shown in
Fig. 2B. The levels of the MMP-2 increased by approximately
1.8-, 2.1-, 1.8-, 2.8-, 2.9-, and 4.0-fold after exposure to 1,
2, 4, 8, 16, and 24 hours compared with each time point,
respectively.
Casein zymography exhibited a caseinolytic band with a
molecular weight of approximately 70 kDa, suggestive of
the presence of t-PA (Fig. 3A). Safrole was found to upre-
gulate t-PA production in a time-dependent manner
(P < 0.05). The quantitative measurements by a densi-
tometer (AlphaImager 2000) were shown in Fig. 3B. The
levels of the t-PA increased by approximately 1.5-, 2.0-,
1.9-, 2.9-, 4.1-, and 3.1-fold after exposure to 1, 2, 4, 8, 16,
and 24 hours compared with each time point, respectively.
Expression of COX-2 in HGFs challenged with safrole was
directly assessed in cell lysates using Western blot analysis.
The kinetics of this response showed that COX-2 was
detectable in cell lysates as early as 1 hour after safroleFigure 2 (A) Gelatin zymogram of conditioned medium from
human gingival fibroblasts treated with safrole at 1, 2, 4, 8, 16,
and 24 hours. (B) Levels of matrix metalloproteinase-2 (MMP-
2)-conditioned medium treated with safrole were calculated
from their gelatinolytic activity, as measured using AlphaIm-
ager 2000. * Significant differences from control values with
P < 0.05.
(t-PA) from conditioned medium treated with safrole were
calculated from their t-PA activity, as measured using
AlphaImager 2000. * Significant differences from control values
with P < 0.05.challenge and remained elevated throughout the 24-hour
incubation period (Fig. 4A). The quantitative measurement
of COX-2 protein was made by AlphaImager 2000 (Fig. 4B).
The levels of the COX-2 protein increased by approximately
4.7-, 4.9-, 6.4-, 7.7-, 7.9-, and 10.2-fold after exposure to
safrole for 1, 2, 4, 8, 16, and 24 hours, respectively.Discussion
Most of the literature on the oral ramifications of areca quid
chewing are based on clinical observations and measure-
ments. However, the underlying mechanisms by which
areca quid chewing is associated with periodontal diseases
are complex and not fully understood. The cytotoxic ef-
fects of areca nut ingredients could be considered to be the
main causative factors. Arecoline, a main areca alkaloid,
has been reported to exert cytotoxicity and inhibit the
growth of cells derived from periodontium.26e28 However,
little is known about the biological effects of safrole, a
major polyphenolic compound in the inflorescence of P.
betle, on the periodontium. In the present study, we have
focused on the effects of safrole and the role it could play
in periodontal breakdown through its direct effects on
HGFs. Results of a H33258 fluorescence assay demonstrated
that safrole inhibits the cell viability of HGFs. Our results
were in agreement with previous studies, which demon-
strated that safrole exhibited cytotoxicity to human neu-
trophils,10 HGFs,11 and human buccal mucosal fibroblasts.29
Figure 4 (A) Induction of cyclooxygenase-2 (COX-2) protein
expression by human gingival fibroblasts with safrole by
Western blot. Cells were exposed to safrole for the indicated
times (0, 0.5, 1, 2, 4, and 8 hours). b-Actin expression was
analyzed to monitor equal protein loading. (B) Levels of COX-2
protein treated with safrole were measured using AlphaImager
2000. The relative level of COX-2 protein expression was
normalized against b-actin signal and the control was set as
1.0. Optical density values represent the mean  standard
deviation. * Significant difference from control values with
P < 0.05.
MMP-2, t-PA, and COX-2 upregulated by safrole 39Taken together, the cytotoxic effects may directly prevent
gingival fibroblasts from regeneration during periodontal
therapy.
A major problem in periodontitis is the loss of connective
tissue attachment arising from the degradation of collagen
fibers that exist between the root cementum and alveolar
bone. The extracellular proteolytic systems have received
considerable attention because of their participation in a
wide variety of biological activities and in pathological
conditions involving tissue breakdown. The two main
extracellular proteolytic systems have been recognized as
the MMPs-dependent pathway and the plasminogen-
dependent pathway. The proteolysis of ECM seems to be a
key initiating event for the progression of the periodontal
diseases.13,14 In this study, the production of MMP-2 and t-
PA was found to be enhanced by safrole. This study leads to
the suggestion that the expression of MMP-2 and t-PA may
play critical roles in areca quid chewing-associated peri-
odontal diseases.
The mechanism responsible for the expression of MMP-2
and t-PA induced by safrole might be explained as follows.
Periodontitis is a common inflammatory disease affecting
the tissues that comprise the periodontium. The proteolysis
of ECM seems to be a key initiating event for the progres-
sion of the inflammatory process. Safrole was found to
induce inflammatory mediator nuclear factor-kappa B inhuman buccal mucosal fibroblasts.29 Thus, safrole may
cause inflammatory reaction through proteolytic systems
resulting in periodontal breakdown.
Because OSF also involves gingiva, and MMP-2 and t-PA
alterations are eminent in OSF, the safrole-induced MMP-2
and t-PA changes could be contributive to the pathogenesis
of OSF, particularly in lesions involving the gingiva. Recently,
Lu et al30 reported that secreted MMP-2 activated by areca
nut extract in oral fibroblast enhances the growth and in-
vasion of oral cancer cells through paracrine regulation. The
findings in the current work can also substantiate the
contribution of areca quid ingredients to gingival cancer
promotion by modulating the HGFs in microenvironments.
COX-2 is an inducible enzyme believed to be responsible
for PG synthesis at sites of inflammation. Data from our
in vitro experiments showed that safrole is capable of
stimulating COX-2 protein expression in HGFs. Consistently,
Jeng et al have reported that areca nut extract upregulates
COX-2 mRNA and protein expression in human oral kerati-
nocytes.31 This suggests that one of the pathogenetic
mechanisms of chronic periodontal inflammation in vivo
may be the synthesis of COX-2 by resident cells in areca
quid chewers.
Plasmin degrades fibrin as well as several ECM proteins
and adhesion proteinases and, by activation of procollage-
nases, may contribute to collagen degradation.32 Indeed,
the plasmin-dependent pathway is understood to be a sig-
nificant alternative pathway for the initiation of ECM
degradation by MMPs.33 PGs have been reported to regulate
the production of MMPs in synoviocytes.34 Previously, we
have reported that COX-2 inhibitor NS-398 could decrease
MMP-2 secretion in human pulp cells.35 Thus, the in-
teractions among COX-2ePGE2-receptor autocrine cascade,
MMP-2, or t-PA are worth investigating further.
As far as we know, this is the first attempt to evaluate
the role of proteolytic enzymes and COX-2 protein expres-
sion in HGFs. Data from our in vitro experiments showed
that safrole was capable of stimulating proteolytic enzymes
and COX-2 protein expression in HGFs. This suggests that
one of the pathogenic mechanisms of periodontal tissue
inflammation in vivo may be the synthesis of MMP-2, t-PA,
and COX-2 by resident cells in response to areca quid
chewing. Areca quid chewers might be more susceptible to
destruction of the periodontium and less responsive to new
attachment after periodontal surgical therapy. However,
more detailed studies should be undertaken to clarify its
effects in vitro as well as in vivo.Conflicts of interest
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